We determined the CYP2D6 alleles in cell lines derived from 81 Japanese individuals with the CYP450 probe arrays using an AŠymetrix GeneChip apparatus. Sequencing of the CYP2D6 exons from these same cell lines was performed to determine the accuracy of the allele calls by the AŠymetrix probe array. Comparison of the results showed diŠerences in the data from three cell lines for the CYP2D6 * 10 alleles between these two methods. These results indicated that the CYP450 probe array must be utilized cautiously for typing CYP2D6*10 alleles, which are frequently observed in the Japanese population.
Introduction
The AŠymetrix (Santa Clara, CA) CYP450 probe array used in the GeneChip apparatus simultaneously detects CYP2D6 gene alleles, which include *2, *3, *4, *6, *7, *8, *9, *10 (*10A and *10B ), and *11, by utilizing DNA-DNA hybridization for allelic detection and discrimination. The manufacturer recommends the ampliˆcation of CYP2D6 alleles by the polymerase chain reaction (PCR) from genomic DNA, labeling of the ampliˆed DNA fragment of CYP2D6 gene by terminal transferase, and subsequent hybridization, washing and detection of the labeled CYP2D6 allelic DNA fragment on the probe arrays. According to the hybridization pattern on the probe arrays, the speciˆc CYP2D6 alleles are identiˆed. Although AŠymetrix has carefully optimized the hybridization procedure, problems may arise during the discrimination of heterozygotes from homozygotes for some alleles. Furthermore, ethnic diŠerences, especially those observed with CYP2D6*10 alleles, 1) may cause problems. We therefore attempted to compare the results of the AŠymetrix P450 probe array with those obtained from DNA sequencing from established cells derived from 81 Japanese individuals. CYP2D6 PCR products, which were ampliˆed using the genomic DNA, were utilized as hybridization probes on the CYP450 probe array and directly sequenced. The data obtained from these two methods were analyzed.
Methods
Genomic DNA was extracted from 81 established cells derived from Japanese individuals.
2) This genomic DNA (300 ng) was subjected to PCR ampliˆcation using 5 UW ml AmpliTaq Gold TM (Roche Molecular Systems Inc., Branchberg, NJ) in the GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA) to obtain the CYP2D6 exons. For the probe array analyses, the PCR thermal cycling protocol was done as recommended by AŠymetrix. The PCR products (10 ml each) were labeled with 25 mM ‰uorescein-N6-ddATP by terminal transferase (10 U) in a 20 ml volume. Next, the CYP450 probe array was hybridized with the 500 ml solution of labeled PCR products at 459 C for 30 min in the Fluidics Station, and then was subjected to the washing step. After the washing, the probe array was held in buŠer B (6×SSPE) at 209 C and subjected to ‰uorescence analysis and genotype identiˆcation.
For DNA sequencing, the entire CYP2D6 gene was speciˆcally ampliˆed by the PCR. 3, 4) Each exon of CYP2D6 was sequenced on both DNA strands by cycle Alleles called by P450 probe array *4 *3 *9 *2,*11 *7 *2,*10,*11 Table 2 . DiŠerent results on assignment of CYP2D6 alleles by CYP450 probe array of GeneChip and by sequencing CYP450 probe array Sequencing
Results on base callings by GeneChip are described, which are attributed to the observed diŠerence in the base callings between GeneChip and sequencing. Theˆrst base, A, of the translation initiation codon of CYP2D6 gene was set as nucleotide 1. The italicized nucleotides indicate the positions where the GeneChip callings and the sequencing results were diŠerent.
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sequencing using the ABI BigDye Terminator cycle sequencing kit (Perkin-Elmer Co, CA) as described previously.
2)
Results and Discussion
Alleles identiˆed by the CYP450 probe array and sequencing in the 81 cell lines The nucleotide positions, which determine various CYP2D6 alleles, are presented in this paper according to the CYP2D6 allele nomenclature Web site (http: W W www.imm.ki.se W CYPalleles W cyp2d6.htm). The CYP450 probe array can distinguish polymorphic nucleotides for CYP2D6*2, *3, *4, *6, *7, *8, *9, *10 and *11 alleles ( Table 1) . The CYP450 probe array identiˆes CYP2D6 gene alleles by reading the nucleotides only at the discriminating CYP2D6 allele positions. Gene conversion in exon 9, which represents CYP2D6*10C (*36), 5) is undetectable in this speciˆc probe array. Both CYP2D6*10B and *10C (*36) were called``CYP2D6*10B'' by GeneChip, although an activity-decreasing allele, CYP2D6 * 10B, and a defective allele, CYP2D6*10C (*36) should not be regarded as the same class of CYP2D6 allele. In addition, heterozygous CYP2D6*5 alleles 6) cannot be identiˆed by this array. The 81 established cell lines in this study were determined to have CYP2D6 * 1, CYP2D6 * 2, and CYP2D6*10 alleles by the AŠymetrix system. Assuming that the cell lines are diploid, 76 CYP2D6*1 alleles, 32 CYP2D6*2 alleles, and 54 CYP2D6*10 alleles were detected.
On the other hand, we sequenced the CYP2D6 open reading frame derived from these cell lines. Prior to sequencing, we genotyped the CYP2D6*5 allele by a PCR-based method. 3, 4) Three out of the 81 cell lines contained heterozygous CYP2D6*5 alleles. Assuming that the cell lines are diploid, 70 CYP2D6 * 1 alleles, 26 CYP2D6*2 alleles, and 56 CYP2D6*10, 4 CYP2D6*33, 1 CYP2D6*39, 1 CYP2D6*1 allele with an additional nucleotide substitution of G1703A, and 1 CYP2D6 * 2 alleles with an additional nucleotide substitution of G1659A were detected by sequencing. G1703A is silent, but G1659A is associated with Val136Met substitution.
DiŠerence of allele calls by the CYP450 probe array and DNA sequencing
The 81 cell lines showed nucleotide polymorphisms determined by the CYP450 probe array at nucleotide positions 100, 1039, 1661, 2850, and 4180 ( Table 2) . For the cd023 cell line, the CYP450 probe array detected CYP2D6*2 W *10B alleles ( Table 2 ). In contrast, DNA sequencing of this cell line detected C W C at position 2850 (Fig. 1) . No other CYP2D6 nucleotide diŠerences were detected by sequencing, therefore, the allele was called as * 10B W * 39.
For the cd030 cell line, results by the two methods indicated that the CYP2D6 allele was identiˆed as *2 W *10B with the CYP450 probe array ( Table 2 ) and *10B W *10B by DNA sequencing (Fig. 1) .
For the cd039 cell line, * 1 W * 10B (CYP450 probe array, Table 2 ) and *10B W *10B (sequencing, Fig. 1) were called by the two methods.
Allele callings of *2 W *10B, *10B W *10B, and *1 W *10B were not always diŠerent between the two methods, since in other cases than cd023, cd030 and cd039, concordant assignments were made for *2 W *10B, *10B W *10B, and *1 W *10B. Both the P450 probe array and sequencing results were reproducible (n＝3). Therefore, the apparent discrepancy between the two methods was also reproducible. The GeneChip apparatus automatically assigns CYP2D6 alleles according to the ‰uorescence emitted through DNA-DNA hybridization. On the other hand, CYP2D6 alleles are determined according to the sequencing results by eyeballs. All the nucleotides with discrepancy between the 2 methods were called as``heterozygous'' by CYP450 probe array ( Table 2) , while the nucleotides were determined as``homozygous'' by sequencing. In the sequence electropherograms shown in Fig. 1 , a weak background signal of C was detected at the position of C100T in the cd039 cells and T at the position of C2850T in the cd023 cells. Comparing to the background signal observed in the surrounding region, these weak signals were judged as background and thus neglected. On the other hand, signals emitted from CYP450 probe array may not have been neglected. Thus, the diŠerent methods for allele calls may lead to discrepancy because of the diŠerence in the way of processing the emitted ‰uorescence from the array and of the judgment of electropherogram for the DNA sequencing.
The CYP450 probe array is used in the United States. Unfortunately, the CYP2D6 * 10 allele frequency is very diŠerent between the Japanese (38z) and Caucasian (2z) populations (1). In our study, the CYP2D6*10 allele frequency was 33z (CYP450 probe array) and 35z (DNA sequencing), which is similar to the CYP2D6*10 allelic frequency reported by Nishida et al. 1) In sum, the data obtained from the GeneChip apparatus resulted in diŠerent CYP2D6 allelic determinations as compared to DNA sequencing for a small subset of samples. The cautious application of the AŠymetrix CYP450 probe array is necessary in determining CYP2D6 alleles that are common in the Japanese population.
